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Abstract 

Background: Brain metastases (BMs) are common in melanoma patients. Adjuvant whole brain radiotherapy (WBRT) 
following local treatment of intracranial melanoma metastases with neurosurgery and/or stereotactic radiosurgery is 
controversial. A randomised trial is needed. However, accrual to WBRT trials has been problematic. A pilot study by 
Australia and New Zealand Melanoma Trials Group (ANZMTG) was conducted to see if accrual was feasible. 

Methods: Sites canvassed for interest included those who treat melanoma patients, had a proven accrual in previous 
melanoma trials and who had the relevant infrastructure support. Feasibility forecasts from interested sites were sought. 
These were compared to the patient numbers documented in the research contracts. A target accrual of 60 patients in 
2 years was set. Funding was sought for the pilot study. Basic demographics of the pilot study cohort were collected. 

Results: The first centre opened December 2008; the first patient was randomised in April 2009. The pilot accruing 
period concluded in September, 201 1. In 30 months, 54 patients from 10 of a total of 17 activated sites in Australia 
(39, 72%) and in Norway (15, 28%) had been accrued. Feasibility forecasts predicted 133 trial eligible patients per year 
(including 1 08 Australian + 25 International patients). Site estimates generally overestimated accrual with 4 of 1 7 active 
sites estimating within 50% of target numbers. Sites with patient estimates calculated from records were more accurate 
than those estimated from memory. The overall recruitment target was lower in the research contracts when 
compared to the feasibility evaluation. Basic demographics of the pilot study revealed 62% of patients were males; 58% 
had a single metastasis, 28% had two and 14% had three metastases. 12-month overall survival was 50%. 

Conclusions: Despite only 54 patients and not the full 60 patient target being accrued in two years the Trial 
Management Committee and Data Safely Monitoring Committee approved the continuation of the pilot study to the 
main trial. On the basis of this successful pilot study, funding was achieved for the full study. 143 patients of a target of 
200 have been randomised by June 2014. 

Keywords: Radiotherapy, Metastases, Melanoma, Brain, Trial, Pilot project, Feasibility, Whole brain radiotherapy, 
Randomised trial 



Background 

Brain metastases (BMs) are common in patients with 
metastatic melanoma [1,2] and are the cause of death in 
the majority of them [2,3]. Whole brain radiotherapy 
(WBRT) is a common adjuvant treatment after local treat- 
ment of BMs with neurosurgery and/or stereotactic 
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radiation (SR). However, there is no level one evidence to 
support this approach in melanoma. Proponents say that 
WBRT improves palliation by prolonging intracerebral con- 
trol [4]. Opponents say that WBRT does not increase sur- 
vival, may cause neurocognitive problems and may not 
prevent intracerebral progression [5,6]. A randomised con- 
trolled trial (RCT) is needed to resolve this controversy. 

Based on trials of WBRT in BMs of all histologies, an ac- 
crual target of two hundred patients for the RCT was con- 
sidered necessary, and a protocol was developed [7]. 
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However, accrual to previous WBRT trials has been prob- 
lematic. Trials of WBRT for BMs in all histologies have 
taken many years to accrue [8-10]. Some have even closed 
prematurely [11,12] (Table 1). The majority of these trials 
also had no or inappropriate tests for neurocognitive func- 
tion (NCF), an important endpoint in this scenario. Mean- 
ingful NCF testing takes time and requires expertise, and 
therefore has funding implications. 

In order to ensure that a RCT of WBRT in melanoma 
could be completed, a pilot study was designed. The pur- 
pose of the study was to assess whether accrual to the 
main trial was feasible. The pilot study was designed to 
flow on to the main trial, so that if the pilot was successful, 
the patients accrued would automatically become part of 
the main study. 

Methods 

This trial is an international multi-centre, open-label, 
stratified, 2-arm randomised phase III trial. The trial has 
been approved by the Cancer Institute NSW Clinical 
Research Ethics Committee #2007C/ 11/032 and relevant 
hospital ethics committees in each participating centre. 
Written informed consent for participation in the study 
was obtained from participants. 

Initially, attention during the pilot study was aimed at 
finding sites interested in contributing patients and can- 
vassing their opinion as to whether this was a trial that 
they considered worthwhile. 

Sites 

Sites canvassed included those with a proven accrual 
record in previous melanoma trials; were sites that 
treated patients with melanoma brain metastases; were 

Table 1 Accrual to whole brain radiotherapy trials 

Trial Design Histology and 

no. of BMs 



Patchell et al. [8] WBRT vs. OBS All solid tumours (mainly lung) 

Sol BM post- surgery 

Aoyama et al. [9] SR vs. WBRT+ SRS All solid tumours 

(mainly lung) 1-4 BMs 

Kocher et al. [1 0] SR vs. SR + WBRT All solid tumours 

(mainly lung) 1-3 BMs 

Chang et al. [1 1] SR vs. WBRT+ SR All solid tumours 

(mainly lung) 1-3 BMs 

Roos et al. [1 2]* WBRT vs. OBS All solid tumours sol 

BM post-SR/surgery 

This study WBRT vs. observation Melanoma only 1-3 

BMs post-SR/surgery 

WBRT - Whole Brain Radiotherapy. 

SR - Stereotactic Radiosurgery. 

Sol BM - solitary Brain Metastases. 

OBS- observation. 

NCF - Neurocognitive. 

*Early closure due to poor accrual. 



sites that had available neurosurgery and/or SR, were 
sites adequately resourced to engage in research; and 
had functioning melanoma multidisciplinary clinics. 

Feasibility forecasts 

Feasibility forecasts from interested sites were sought. 
From this information, and with the knowledge of the 
difficulty of accrual to WBRT trials of all histologies, 
and the needs of funding agencies, a target accrual of 60 
patients in 2 years was set for the pilot study. This time 
frame took into account the customary slow start up 
time for new trials, which includes time for administra- 
tive arrangements to be made and for staff education. 

Sites were then encouraged and assisted to open the trial 
in a timely fashion. Activated sites were also required to 
sign a research contract to accrue to the trial as part of the 
usual trial governance. This contract also asked for a pre- 
diction of recruitment. The numbers predicted in the 
feasibility forecasts were able to be compared with those 
predicted in the research contract. The success of the 
study was to be judged by the Trial Management Commit- 
tee. However, the real test of whether the study was suc- 
cessful would be whether accrual to the pilot study would 
convince the funding authority to allocate sufficient funds 
for the main trial. 

Funding 

Funding from the Australia and New Zealand Melan- 
oma Trials Group (ANZMTG), Trans-Tasman Radiation 
Oncology Group (TROG), The University of Sydney and 
the Australian Governments National Health and Medical 
Research Council (NHMRC) was sought for the pilot 
study. 



Appropriate Actual recruitment Average no. Total number 



NCF testing (patients/years) of patients of melanoma 

accrued per year patients (%) 

No 96/8 years 12 2(2%) 

No 132/4 years 33 Unknown 

No 359/11 years 33 18(5%) 

Yes 58/6 years 10 Early closure 7 patients (12%) 

No 19/3 years 6 3(16%) 

Yes 54/2 years 27 54(100%) 
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Results 

The first recruiting centre was opened in December 2008, 
with the first trial patient being randomised in April 2009. 
The pilot grant reporting period concluded on 30th June 
2011. Accrual increased proportionately as more centres 
opened. In 30 months, 54 patients had been accrued 
from 10 of a total of 17 activated sites in Australia and 
in Norway by the conclusion of the pilot study (Tables 2 
and 3; Figure 1). Australian sites contributed 39 (72%) 
of the 54 recruited patients. 

Sites 

In total 29 sites internationally were approached and 
there were 19 positive responses received. All sites that 
responded positively reported having appropriate know- 
ledge and clinical trials experience including Inter- 
national Congress of Harmonization and Good Clinical 
Practice (ICHGCP) training. 

Feasibility forecasts 

Feasibility forecasts of the 19 possible major melanoma 
treatment centres is summarised in Table 4. Fourteen re- 
sponses came from radiation oncologists, with three re- 
sponses from neurosurgeons and two responses from 
medical oncologists. Nineteen sites, including two inter- 
national sites, predicted a total of 133 trial eligible patients 
per year (including 108 Australian + 25 international pa- 
tients). Two problematic logistic issues were reported at 
that time. Two sites reported that they did not have ad- 
equate access to radiotherapy and imaging services man- 
dated by the study protocol. They were unable to proceed 
with the study, leaving 17 sites able to proceed. 

Site feasibility forecasts generally overestimated possible 
accrual. Only four of seventeen activated sites recruited 
the patient number (to within 50%) predicted in their 
feasibility forecast during the pilot study accrual period. 
Seven of nineteen sites referred to their medical records to 
provide their feasibility numbers, the remaining sites pro- 
vided feasibility numbers from memory or did not specify 
how they arrived at their numbers. Sites that reported pa- 
tient estimates by referring to their medical records were 

Table 2 Pilot patient recruitment by location 



State/country Recruitment up to September 201 1 



New South Wales 


24 


Queensland 


11 


Victoria 


3 


South Australia 


1 


Western Australia 


0 


International 


15 


Total 


54 



Table 3 Pilot patient recruitment over time 


Year 


Month 


Patients 


2009 


April 


1 




July 


3 




October 


6 


2010 


January 


9 




April 


12 




July 


24 




October 


28 


2011 


January 


39 




April 


43 




July 


50 




October 


54 



subsequently found to be more accurate in predicting ac- 
crual than those that did not. 

The numbers predicted in the feasibility forecasts were 
compared with those predicted in the research contract. 
Ten of the seventeen activated sites reduced the number 
of estimated trial patients from feasibility forecasts to re- 
search contracts. Of these 10 sites, two sites were suc- 
cessful in achieving the revised target accrual, five sites 
randomised some patients but less than specified in their 
contracts, and three sites failed to randomise any pa- 
tients to the protocol in the accrual period. 

Funding 

The initial funding application for the pilot study was 
successful, which made the whole project possible. In 
2006, the ANZMTG and TROG Executive and Scientific 
Committees approved protocol development, and prelim- 
inary seed funds ($AU1 8,000) were allocated in support of 
the protocol development activities. In 2007, ANZMTG 
successfully applied to the Commonwealth of Australia 
Department of Health and Aging for support of the pilot 
study ($AU281,019). Due to delays in activating sites, a 
12 month extension was granted until 30 June 2011. 

Demographics 

The pilot patient demographic information is presented 
(Table 5). Baseline analysis of this population demographic 
showed even distribution between the treatment groups (27 
patients per arm). The pilot cohort included 62% males and 
38% females (n = 54). The age of patients ranged from 26 
to 83 years; with the mean age of Australian patients being 
slightly older than international patients (61 years vs 
56 years). Mean age was relatively balanced between treat- 
ment arms (WBRT 60 years vs Observation 58 years). The 
majority of patients in the pilot cohort presented with a 
solitary brain metastasis (58%), and the remainder with two 
metastases (28%) or with three metastases (14%). A 
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Table 4 Pilot study - site actual accrual versus feasibility forecasts and research contract estimates 



Site 
Code 


State/ 
country 


How was 
the patient 
estimate was 
calculated 


Number of patients 
estimated in the 
feasibility forecast 


Number of patients 
estimated in the 
research contract 


Was number of patients 
in research contract less 
than what was estimated 
in the Feasibility Forecast? 


Actual 
patients 
accrued to 
study 


Was accrual at 
the site within 
50% of what 
was specified in 
the research contract? 


1 # 


NOR 


NA 


10-15 


5 


Yes 


15 


Yes 


2* 


NSW 


Records 


5 


5 


No 


20 


Yes 


3 A 


NSW 


Memory 


12 


4 


Yes 


2 


No 


4 


NSW 


Memory 


5-6 


6 


No 


0 


No 


5* 


NSW 


Memory 


5-6 


2 


Yes 


0 


No 


6 A 


NSW 


Records 


6 


2 


Yes 


1 


No 


7* 


NSW 


Records 


3 


2 


Yes 


0 


No 


8* 


NSW 


Memory 


8 


4 


Yes 


1 


No 


9 


NSW 


Memory 


4 


NS 


NA 


0 


No 


10* 


VIC 


Memory 


20 


10 


Yes 


2 


No 


11* 


VIC 


Records 


10 


5 


Yes 


1 


No 


12* 


QLD 


Records 


2-3 


2 


Yes 


3 


Yes 


13* 


QLD 


Memory 


10 


10 


No 


8 


Yes 


14* 


QLD 


Records 


2-3 


2 


Yes 


0 


No 


15* 


QLD 


Records 


2 


2 


No 


0 


No 


16* 


SA 


N/A 


NA 


2 


NA 


1 


No 


17* 


WA 


N/A 


NA 


NS 


No 


0 


No 


18 A 


VIC 


N/A 


10 


NA 


NA 


NA 


NA 


19# 


Europe 


N/A 


10 


NA 


NA 


NA 


NA 


Total 






124-133 


63 


10 


54 


4/17 Yes 



department of Medical Oncology. 
^Department of Radiation Oncology. 
"Department of Neurosurgery. 

NOR - Norway; NSW - New South Wales; AU - Australia; VIC - Victoria; QLD - Queensland; SA - South Australia; WA - Western Australia; NA - not applicable; 
NS - Not specified. 
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Table 5 Pilot study patient demographics (54 patients) 



Site 




Number of participants 


% 


Australian 






jy 


11 
/ Z 


International 






1 ^ 
I j 


27 


Male 






34 


C^l 

oz 


Female 






10 


J / 


Age (years) 




Mean 6 


i \t\vj) iviean jo 








(Norway 


Range: 26 to 83 




Local treatment of BMs 








Neurosurgery 






45 


83 


Stereotactic 






8 


15 


None 






1 


2 


Patient presentation 


at the baseline visit 






1 BM 






31 


57 


2 BM 






15 


27 


3 BM 






8 


14 


Extracranial disease 


- present 




36 


66 


Extracranial disease 


- absent 




18 


33 



AU - Australia. 

BMs - Brain metastases. 

minority (33%) of pilot trial patients presented at the base- 
line visit with no evidence of extracranial disease present. 

Cumulative overall survival (Table 6; Figure 2) for this 
pilot cohort was slightly higher than otherwise reported 
for these patients [2]. The study had 6-month overall 
survival of 68.5% and 12-month overall survival of 
50.0%. There were no trial related significant adverse 
events. Data audit after the study was competed revealed 



that data quality was high, especially with completion of 
NCF and Quality of Life assessments. 



Discussion 

RCTs are fundamental to progressing evidence-based 
medicine. Vibrant trial accrual is essential for timely RCT 
completion. Accrual has been difficult in some RCT sce- 
narios, for example, WBRT trials of all histologies. Accrual 
for a WBRT RCT for a single histology such as melanoma 
was thought likely to be even more difficult. 

In our pilot study, 54 patients out of a projected 60 
were recruited to the study from 10 of 17 activated sites. 
Australian sites contributed 39 (72%) of the 54 recruited 
patients. International sites were important contributors 
to the pilot study. Despite only 54 patients and not the 
full 60 patient target being accrued in two years the Trial 
Management Committee and Data Safely Monitoring 
Committee approved the continuation of the pilot study 
to the main trial. 



Sites 

Successful strategies included selecting sites with inves- 
tigators having proven accrual in previous melanoma 
trials. Another successful strategy was the ANZMTG 
coordinating office providing centralised site support 
and assisting with study start-up activities (assisting and 
coordinating central and local ethics submissions) 
which directly accelerated the start of the study at the 
individual sites. 



n 60- 
> 

CO 

a, 40" 



Months 



Figure 2 Overall survival curve for pilot study patients (N = 54). 
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Table 6 Pilot study overall survival from randomisation 



Months 


Percentage surviving 


6 


68.5 


12 


50.0 


18 


35.2 


24 


31.3 



Feasibility forecasts 

More radiation oncologists completed the feasibilities 
than any other clinical speciality, which was consistent 
with this being a radiotherapy trial question. As in many 
clinical trials, overall recruitment was lower than pre- 
dicted by the sites. Site estimates generally overesti- 
mated possible accrual with only 4 of 17 sites accurate 
to within 50% of target estimates. Sites gathering data 
from records gave more accurate estimates of feasibility 
than sites estimating from memory. Perhaps central 
bodies should insist on data only from medical records 
when assessing sites for inclusion in trials. 

Sites in general decreased the expected number of pa- 
tients to be randomised when their feasibility forecast 
was compared with the research contracts. The reasons 
for this are not clear but may reflect an increasing 
awareness of the difficulty of accrual as the site became 
more involved in the trial. In general, the actual number 
of patients recruited was more in agreement with the 
number specified in the site research contracts than the 
initial feasibility forecasts. 

There were still some sites which, despite agreeing to 
participate in the trial and having a reduced patient target 
in their contracts, failed to screen and randomise any trial 
patients. The reasons for this are also not clear. Possibly a 
perceived lack of clinical equipoise in respect to this trial 
question may be the strongest reason. Other reasons why 
recruitment was not optimal include ethical consider- 
ations, lack of time and interest, new systemic treatments 
interfering with brain metastases treatments, and perhaps 
conflicts between different medical specialties e.g. medical 
versus radiation oncology. These reasons may not have 
been apparent to the site investigators when completing 
their feasibility forecasts and then the research contracts 
for the study. Nevertheless the pilot recruitment compares 
favourably with other whole brain radiotherapy trials. 

Funding 

The success with securing funding was pivotal to this 
study. Following the successful completion of the pilot 
study, an additional NHMRC grant ($AU591, 010) was 
applied for and awarded. In fact, all funding requests for 
the main trial were granted in full and no funding applica- 
tion has been refused. This approach of securing funding 
for a pilot study to assess feasibility, and then applying for 
funding for the full study after a successful pilot study 



proved to be a worthwhile strategy. The funding agencies 
knew that they did not have to commit to funding for a 
whole trial that may not complete, and this was attractive 
to them. The trial organizers could gain experience, for ex- 
ample, by focusing on increasing accrual, without being 
distracted by questions that may have arisen if a full trial 
was running. 

Conclusions 

A RCT investigating WBRT after local treatment of mel- 
anoma BMs is required. However, WBRT trials are hard 
to accrue. A pilot study with a target of 60 patients in 
2 years was undertaken. 54 patients were randomised in 
30 months. International involvement and funding were 
essential. Only 4 of 17 sites were within 50% of their feasi- 
bility forecasts. Sites that based these forecasts on a pa- 
tient record review rather than from memory were more 
reliable. Sites generally decreased their accrual estimates 
from feasibility forecasts to the research contracts. The 
funding agencies have now funded the full trial which is 
now under way, with 143 patients of the target 200 rando- 
mised to date. 

Abbreviations 

ANZMTG: Australia and New Zealand Melanoma Trials Group; AU: Australia; 
BMs: Brain metastases; ICHGCP: International Congress of Harmonization and 
Good Clinical Practice; NA: Not applicable; NCF: Neurocognitive function; 
NHMRC: National Health and Medical Research Council; NOR: Norway; 
NS: Not specified; NSW: New South Wales; OBS: Observation; 
QLD: Queensland; RCT: Randomised controlled trial; SA: South Australia; Sol 
BM: Solitary Brain Metastases; SR: Stereotactic radiation; TROG: Trans-Tasman 
Radiation Oncology Group; VIC: Victoria; WA: Western Australia; WBRT: Whole 
brain radiotherapy. 



Competing interests 

The authors declare that they have no competing interests. 



Authors' contributions 

GBF - concept, design, drafting manuscript and submission; AH - concept, 
design, drafting manuscript; KDJ - design, drafting manuscript; CHR - data 
collection, drafting manuscript; BS - design, drafting manuscript; BB - design, 
drafting manuscript; LEH - analysis, drafting manuscript; EP - data collection 
and interpretation, drafting manuscript; JFT- design, drafting manuscript, 
final approval. All authors read and approved the final manuscript. 



Acknowledgements 

To ANZMTG, Cancer Australia Department of Health and Aging for their 
ongoing support of the trial and Marianne Byrne, Victoria Steel, Vanessa 
Neve and Enmoore Lin for their help with the manuscript. 

Author details 

Melanoma Institute Australia, Sydney, Australia. 2 Sydney Medical School, The 
University of Sydney, Sydney, Australia. 3 Oslo University Hospital HF, The 
Norwegian Radium Hospital, Oslo, Norway. 4 Australia and New Zealand 
Melanoma Trials Group (ANZMTG), North Sydney, Australia. 5 Princess 
Alexandra Hospital, Brisbane, Australia. 6 Trans - Tasman Radiation Oncology 
Group (TROG), Newcastle, Australia. 

Received: 31 January 2014 Accepted: 20 June 2014 
Published: 30 June 2014 



Fogarty et al. BMC Research Notes 201 4, 7:41 2 Page 7 of 7 

http://www.biomedcentral.eom/1 756-0500/7/41 2 



References 



10. 



12. 



De la Monte SM, Moore GW, Hutchins GM: Patterned distribution of 
metastases from malignant melanoma in humans. Cancer Res 1983, 
43:3427-3433. 

Sampson JH, Carter JH, Friedman AH, Seigler BF: Demographics, prognosis, 
and therapy in 702 patients with brain metastases from malignant 
melanoma. J Neurosurg 1 998, 88:1 1-20. 

Fife KM, Colman MH, Stevens GN, Firth IC, Moon D, Shannon KF, Harman R, 
Petersen-Schaefer K, Zacest AC, Besser M, Milton GW, McCarthy WH, 
Thompson JF: Determinants of outcome in melanoma patients with 
cerebral metastases. J Clin Oncol 2004, 22:1293-1300. 
Nicholas S, Mathios D, Jackson C, Lim M: Metastatic melanoma to the 
brain: surgery and radiation is still the standard of care. Curr Treat Options 
Oncol 2013, 14(2):264-279. 

Windsor AA, Koh ES, Allen S, Gabriel GS, Yeo AE, Allison R, van der Linden YM, 
Barton MB: Poor outcomes after whole brain radiotherapy in patients with 
brain metastases: results from an international multicentre cohort study. 

Clin Oncol (R Coll Radiol) 201 3, 25(1 1 ):674-680. 

Thompson JF, Hong A, Fogarty Letter G: Publication and Interpretation of 
clinical trial results: the need for caution. Ann Surg Oncol 2012, 
19(6):1 745-1 747. 

Fogarty G, Morton RL, Vardy J, Nowak AK, Mandel C, Forder PM, Hong A, 
Hruby G, Burmeister B, Shivalingam B, Dhillon H, Thompson JF: Whole brain 
radiotherapy after local treatment of brain metastases in melanoma 
patients-a randomised phase III trial. BMC Cancer 201 1, 1 1:142. 
Patchell RA, Tibbs PA, Regine WF, Dempsey RJ, Mohiuddin M, Kryscio RJ, 
Markesbery WR, Foon KA, Young B: Postoperative radiotherapy in the 
treatment of single metastases to the brain: a randomized trial. 
JAMA 1998, 280:1485-1489. 

Aoyama H, Shirato H, Tago M, Nakagawa K, Toyoda T, Hatano K, Kenjyo M, 
Oya N, Hirota S, Shioura H, Kunieda E, Inomata T, Hayakawa K, Katoh N, 
Kobashi G: Stereotactic radiosurgery plus whole brain radiation therapy 
vs stereotactic radiosurgery alone for treatment of brain metastases. 

JAMA 2006, 295:2483-2491. 

Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG, Fariselli L, 
Tzuk-Shina T, Kortmann RD, Carrie C, Ben Hassel M, Kouri M, Valeinis E, 
van den Berge D, Collette S, Collette L, Mueller RP: Adjuvant whole brain 
radiotherapy versus observation after radiosurgery or surgical resection 
of one to three cerebralmetastases: results of the EORTC 22952-26001 
study. J Clin Oncol 201 1 , 29:1 34-1 41 . 

Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth DG, Arbuckle RB, 
Swint JM, Shiu AS, Maor MH, Meyers CA: Neurocognition in patients with 
brain metastases treated with radiosurgery or radiosurgery plus 
whole-brain irradiation: a randomised controlled trial. Lancet Oncol 2009, 
1 0(1 1):1 037-1 044. 

Roos DE, Wirth A, Burmeister BH, Spry NA, Drummond KJ, Beresford JA, 
McClure BE: Whole brain irradiation following surgery or radiosurgery for 
solitary brain metastases: mature results of a prematurely closed 
randomized Trans-Tasman Radiation Oncology Group trial (TROG 98.05). 

Radiother Oncol 2006, 80(3):3 18-322. 



doi:1 0.1 1 86/1 756-0500-7-41 2 

Cite this article as: Fogarty et al.: Accrual to a randomised trial of 
adjuvant whole brain radiotherapy for treatment of melanoma brain 
metastases is feasible. BMC Research Notes 2014 7:412. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



